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© Differential amplifier. 

© A differential amplifier includes an input stage 
differential amplifier circuit and an output stage dif- 
ferential amplifier circuit. Differential common-mode 
output voltages of the output stage differential am- 
plifier circuit are converted into common-mode cur- 
rents by transistors having sources connected in 
common. The common-mode currents are taken as 
input mirror currents of a current mirror circuit Out- 
put mirror currents of the current mirror circuit are 
supplied to the drain side as output electrode of a 
constant current transistor of the input stage differen- 
tial amplifier circuit to form a common-mode feed- 
back circuit. Since the common-mode feedback cir- 
cuit is constructed only by the common-mode volt- 
age/current converting transistors and the current 
mirror circuit, the feedback paths can be reduced to 
establish a transfer function with a single pole for 
stability of operation of the differential amplifier. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invent ion relates generally to a 
differential amplifier. More specifically, the inven- 
tion relates to a differential amplifier adapted to be 
integrated in OMOS monolithic IC. 

Description of the Related Art 

An example of a differential amplifier of OMOS 
structure having a conventional common-mode 
feedback circuit has been disclosed in Japanese 
Patent Publication No. 2-44404. The circuit dis- 
closed in the foregoing publication will be dis- 
cussed with reference to Fig. 3. 

Differential inputs 101 and 102 are applied to 
respective gate electrodes of NMOS transistors 1 
and 2 as differential transistors having sources con-_ 
nected in common. A constant current NMOS tran- 
sistor 5 is provided for supplying a constant current 
to a common junction of the sources of the NMOS 
transistors 1 and 2. A bias is applied to the gate of 
the NMOS transistor 5. PMOS transistors 3 and 4 
are active loads of the transistors 1 and 2, respec- 
tively. 

With these transistors 1 to 5, an input stage 
differential amplifier 200 is formed. A differential 
amplifier output of this input stage differential am- 
plifier 200 is obtained from respective drains of the 
transistors 1 and 2. 

The input stage differential amplifier output 
serves as a differential input of an output stage 
differential amplifier 201. The input stage differen- 
tial amplifier output is thus applied to respective 
gate inputs of a pair of PMOS transistors 67 hav- 
ing source connected in common. As active loads 
for a pair of transistors 6 and 7, NMOS transistors 
8 and 9 are provided. A bias 106 is applied to the 
gates of the transistors 8 and 9. 

The amplifier outputs 103 and 104 of the out- 
put stage differential amplifier 201 are output 
through respective drains of the transistors 6 and 7. 
The signal at the differential inputs 101 and 102 is 
amplified to be obtained through the differential 
outputs 103 and 104. 

Next, discussion will be given for the common- 
mode feedback circuit. PMOS transistors 10. 11 
which take the differential outputs (drain outputs of 
the transistors 1 and 2) as gate inputs and convert 
the differential output voltages into current, are 
provided. The drain outputs of the transistors 10 
and 1 1 are connected in common for current com- 
position. The composite current corresponds to a 
common mode output voltage of the input stage 
differential amplifier. 



The composite current of a pair of common- 
mode current generating transistors 10 and 11 are 
an input mirror current of a current mirror circuit 
202. The current mirror circuit 202 comprises 
5 NMOS transistors 12 and 13. The composite cur- 
rent is supplied to the drain of the transistor 12. An 
output mirror current is generated at the drain of 
the transistor 13. 

The output mirror current is supplied to the 
10 drain of a PMOS transistor 17. Here, since another 
current mirror circuit is formed by the transistor 17 
and the active load transistors 3 and 4, the com- 
mon-mode output voltage appearing at the respec- 
tive drain of the transistors 3 and 4 as the output 
is mirror current are fed back. 

By providing common-mode feedback, vari- 
ation of a common-mode output of the differential 
amplifier can be suppressed. 

It should be noted that transistors 20 and 22 
20 and capacitors 21 and 23 form a frequency com- 
pensation circuit, and the transistors 20 and 22 are 
adapted to serve as resistor employing depression 
typeMOS. 

Such conventional common-mode feedback 
25 circuit has three paths, i.e. the voltage-current con- 
verting portion of the transistors 10 and 11, the 
current mirror circuit portion of the transistors 12 
and 13 and the current mirror portion of the transis- 
tors 17, 3 and 4. Therefore, the common-mode 
30 feedback circuit is equivalent to two stage amplifier 
construction. Accordingly, the transfer function be- 
tween the input and output of the common-mode 
feedback circuit becomes a transfer function having 
two poles to make common-mode feedback unsta- 
35 ble and to case oscillation in the worst case. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present inven- 
40 tion to provide a differential amplifier which can 
reduce signal paths in a common-mode feedback 
circuit and thus permit stable operation of the com- 
mon-mode feedback circuit. 

Another object of the present invention is to 
45 provide a differential amplifier which can provide a 
transfer characteristics of the common-mode feed- 
back circuit expressed by a transfer function having 
a single pole. 

In order to accomplish the above-mentioned 
so and other objects, a differential amplifier, according 
to one aspect of the invention, comprises: 

an input stage differential amplifier circuit for 
amplifying a differential input signal; 

an output stage differential amplifier circuit tak- 
55 ing the differential output of the input stage dif- 
ferential amplifier as a differential input; 

first and second common-mode current gen- 
erating transistors receiving differential outputs of 
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the input stage differential amplifier at respective 
controlling electrode and generating common-mode 
currents corresponding to the received differential 
outputs; 

a current mirror circuit inputting a composite 
current of the common-mode current generated by 
the first and second common-mode current gen- 
erating transistors; and 

composing means for feeding back a current 
corresponding to an output mirror current of the 
current mirror circuit to a Constance current of the 
input stage differential amplifier circuit and com- 
posing therewith. 

According to another aspect of the invention, a 
differential amplifier comprises: 

an input stage differential amplifier circuit am- 
plifying a differential input signal; 

an output stage differential amplifier circuit tak- 
ing the differential output of the input stage dif- 
ferential amplifier circuit as a differential input; 

first and second common-mode current gen- 
erating transistors receiving the differential outputs 
of the input stage differential amplifier circuit at 
respective controlling electrodes and generating 
common-mode currents corresponding to the dif- 
ferential outputs; 

a current mirror circuit inputting a composite 
current of the common-mode currents generated 
by the first and second common-mode current 
generating transistors and generating a pair of out- 
put mirror currents; and 

composing means for feeding back currents 
corresponding to the pair of output mirror currents 
to the pair of differential output terminals of the 
input stage differential amplifier circuit 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be understood more 
fully from the detailed description given herebelow 
and from the accompanying drawings of the pre- 
ferred embodiment of the present invention, which, 
however, should not be taken to be limitative to the 
invention, but are for explanation and understand- 
ing only. 

In the drawings: 

Fig. 1 is a circuit diagram of one embodiment of 
a differential amplifier according to the present 
invention; 

Rg. 2 is a circuit diagram of another embodi- 
ment of a differential amplifier according to the 
invention; and 

Rg. 3 is a circuit diagram of a common-mode 
feedback circuit of the conventional differential 
amplifier. 



DESCRIPTION OF THE PREFERRED EMBODl 
MENT 

The present invention will be discussed 

5 hereinafter in detail in terms of the preferred em- 
bodiments with reference to Rgs. 1 and 2. In the 
following description, numerous specific details are 
set forth in order to provide a thorough understand- 
ing of the present invention. It will be obvious, 

10 however, to those skilled in the art that the present 
invention may be practiced without these specific 
details. In other instance, well-known structures are 
not shown in detail in order to unnecessary ob- 
scure the present invention. 

75 Rg. 1 is a circuit diagram of the preferred 
embodiment of a differential amplifier according to 
the present invention. In Rg. 1, like reference nu- 
merals represent like element to Rg. 3. In the 
shown construction, the construct ions of the input 

20 _ stage differential amplifier 200 and the output stage 
differential amplifier 201 are the same as those in 
the circuit of Rg. 3. 

It should be noted that while the elements of 
the frequency compensation circuit are illustrated 

25 with resistors 20 and 22, they are constructed by 
utilizing depress ion type MOS similarly to those of 
Rg. 3. 

Discussion will be given for a common-mode 
feedback circuit. In the shown embodiment, the 

30 differential outputs 103 and 104 of the output stage 
differential amplifier 201 are applied to gates (con- 
trol electrodes) of common-mode current generat- 
ing NMOS transistors 10 and 11 of a volt- 
age/current converting portion 203. Accordingly. 

35 currents corresponding to the common-mode out- 
put of the differential output voltage is generated 
by the transistors 10 and 11. 

These common-mode currents are composed 
at the source (common electrode) of the NMOS 

40 transistor 15 and output as composite common- 
mode current through the drain (output electrode) 
thereof. It should be noted that the transistor 15 
generates a drain voltage of the transistors 10 and 
11 by applying a bias 109 to the gate thereof. 

45 The composite common-mode current output 
of the transistor 15 serves as input mirror current of 
the current mirror circuit 202. The current mirror 
circuit 202 comprises PMOS transistors 12 and 13, 
in which the input mirror current is supplied to the 

so drain of the transistor 12 and the output mirror 
current is generated at the drain of the transistor 
13. 

As the output load of the current mirror circuit 
202, a series circuit of NMOS transistors 14 and 16 
55 is employed. The transistor 14 is applied a con- 
stant gate bias 107 and generates a common-mode 
reference current. The transistor 16 is also applied 
the constant gate bias 109 and generates a drain 
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voltage of the transistor 14. 

A difference between the output current mirror 
current (composite common-mode current) of the 
current mirror circuit 202 and the common-mode 
reference current of the transistor 14 is fed back to 5 
the drain of the constant current source transistor 5 
of the input stage differential amplifier 200. By this, 
variation of the common-mode output of the dif- 
ferential outputs 103 and 104 can be suppressed 
similarly to the prior art of Fig. 3. 10 

However, in the shown embodiment, the com- 
mon-mode feedback circuit comprises only the 
voltage/current converting portion 203 and the cur- 
rent mirror circuit 202. Therefore, the common- 
mode feedback circuit is equivalent to a single 75 
stage amplifier. Accordingly, the transfer character- 
istics can be expressed by a transfer function hav- 
ing a single pole and thus becomes stable. 

Fig. 2 shows a circuit diagram of another env 
- bodimerrt of the differential amplifier circuit accord- 20 
ing to the invention. Here, like reference numerals 
represent like elements to Rg. 1. The shown em- 
bodiment of the common-mode feedback circuit is 
basically the same as that of Rg. 1. However, in 
the shown construction, the transistor 13 for gen- 25 
erating the output mirror current of the current 
mirror circuit 202 is replaced with to transistors 13A 
and 13B. Correspondingly, the common-mode ref- 
erence current generating transistor 16 which 
serves as drain load for the transistors 13A and 30 
13B is replaced with two transistors 16A and 16B. 

Differences between respective common-mode 
current of the transistors 13A and 13B and respec- 
tive common-mode reference current of the transis- 
tors 16A and 16B are fed back to the differential 35 
outputs (drain outputs of the transistors 1 and 2) of 
the input stage differential amplifier 200. 

Even in the shown embodiment, since the 
common-mode feedback circuit may have the 
transfer characteristics with the single pole as in 40 
the former embodiment, the feedback circuit be- 
comes stable. 

As set forth above, according to the present 
invention, since the common-mode feedback circuit 
of the differential amplifier is constructed only with 45 
the common-mode current generating portion and 
the current mirror circuit, the signal paths between 
the input and output can be reduced to permit 
stable feedback operation. 

Although the invention has been illustrated and 50 
described with respect to exemplary embodiment 
thereof, it should be understood by those skilled in 
the art that the foregoing and various other 
changes, omissions and additions may be made 
therein and thereto, without departing from the spir- 55 
it and scope of the present invention. Therefore, 
the present invention should not be understood as 
limited to the specific embodiment set out above 



but to include all possible embodiments which can 
be embodies within a scope encompassed and 
equivalents thereof with respect to the feature set 
out in the appended claims. 

Claims 

1. A differential amplifier comprising: 

an input stage differentia] amplifier circuit 
for amplifying a differential input signal; 

an output stage differential amplifier circuit 
taking the differential output of said input stage 
differential amplifier as a differential input; 

first and second common-mode current 
generating transistors receiving differential out- 
puts of said input stage differential amplifier at 
respective controlling electrode and generating 
common-mode currents corresponding to the 
received differential outputs; 
_ a_current mirror drcurt inputting a compos- 
ite current of the common-mode current gen- 
erated by said first and second common-mode 
current generating transistors; and 

composing means for feeding back a cur- 
rent corresponding to an output mirror current 
of said current mirror circuit to a Constance 
current of said input stage differential amplifier 
circuit and composing therewith. 

2. A differential amplifier as set forth in claim 1, 
wherein said composing means includes a ref- 
erence current generating transistor having a 
controlling electrode applied a constant bias, 
and a differential current of the reference cur- 
rent and said output mirror current is fed back 
to the constant current of said input stage 
differential amplifier circuit for composition. 

3. A differential amplifier as set forth in claim 2, 
wherein said input stage differential amplifier 
circuit comprises a first pair of differential tran- 
sistors supplied the differential input signal at 
the controlling electrode, a constant current 
transistor supplying an operation current for 
said first pair of differential transistors, and a 
pair of load transistors connected between the 
output electrode of said first pair of differential 
transistors and a first power source and serv- 
ing as active loads for said first pair of differen- 
tia) transistors; and 

said output stage differential amplifier cir- 
cuit comprises a second pair of differential 
transistors supplied the differential outputs of 
said input stage differential amplifier circuit at 
controlling electrodes and having a common 
electrode connected to said first power source, 
and a pair of load transistors connected be- 
tween said second pair of differential transis- 
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tors and a second power source and serving 
as active loads for said second pair of differen- 
tial transistors. 

4. A differential amplifier as set forth in claim 3, 5 
wherein said differential current is composed 
with an output constant current of said con- 
stant current transistor. 

5. A differential amplifier as set forth in claim 4, io 
wherein said first and second common-mode 
current generating transistors has the control- 
ling electrode applied the differential outputs of 

said output stage differential amplifier circuit, a 
common electrode connected to said second is 
power source and output electrode connected 
in common, and said composite current is out- 
put from said output electrode connected in 
common. 

_ 20 

6. A differential amplifier comprising: 

an input stage differential amplifier circuit 
amplifying a differential input signal; 

an output stage differentia] amplifier circuit 
taking the differential output of said input stage 25 
differential amplifier circuit as a differential in- 
put; 

first and second common-mode current 
generating transistors receiving the differential 
outputs of said input stage differential amplifier 30 
circuit at respective controlling electrodes and 
generating common-mode currents corre- 
sponding to said differential outputs; 

a current mirror circuit inputting a compos- 
ite current of said common-mode currents gen- 35 
erated by said first and second common-mode 
current generating transistors and generating a 
pair of output mirror currents; and 

composing means for feeding back cur- 
rents corresponding to said pair of output mir- ao 
ror currents to said pair of differential output 
terminals of said input stage differential am- 
plifier circuit. 



transistor supplying an operation current for 
said first pair of differential transistors, and a 
pair of toad transistors connected between the 
output electrode of said first pair of differential 
transistors and a first power source and serv- 
ing as active loads for said first pair of differen- 
tial transistors; and 

said output stage differential amplifier cir- 
cuit comprises a second pair of differential 
transistors supplied the differential outputs of 
said input stage differential amplifier circuit at 
controlling electrodes and having a common 
electrode connected to said first power source, 
and a pair of load transistors connected be- 
tween said second pair of differential transis- 
tors and a second power source and serving 
as active loads for said second pair of differen- 
tial transistors. 

9. A differential amplifier as set forth in claim 8, 
wherein respective of said differential currents 
are supplied to the output electrodes of said 
first pair of differential transistors. 

10. A differential amplifier as set forth in claim 9, 
wherein said first and second common-mode 
current generating transistors has the control- 
ling electrode applied the differential outputs of 
said output stage differential amplifier circuit, a 
common electrode connected to said second 
power source and output electrode connected 
in common, and said composite current is out- 
put from said output electrode connected in 
common. 



7. A differential amplifier as set forth in claim 6, 45 
wherein said composing means includes a pair 

of reference current generating transistors, and 
differential currents of said pair of reference 
currents and said pair of output mirror currents 
are fed back to said pair of differential output 50 
terminals of said input stage differential am- 
plifier circuit. 

8. A differential amplifier as set forth in claim 7, 
wherein said input stage differential amplifier 55 
circuit comprises a first pair of differential tran- 
sistors supplied the differential input signal at 

the controlling electrode, a constant current 
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